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•  The lateral lipid diffusion in fluid membranes isidentified as jump 
diffusion. The value of the diffusion coefficient was extracted. 
•  The presence of azo-chol in the host membrane modifies the 
dynamics there, both for the fast and for the slow motion, depending 
on the isomerization state. 
•  In all-cis, fast motion of the host lipid matrix is faster than in all-trans, 
and the slow motion is slower. 
•  The membrane is possibly more condensed in all-cis than in the 
POPC control system and in all-trans. This agrees with findings from 
reflectometry experiments. 
Conclusion 
1.  Jørgensen L, (2011). Master Thesis. FKF, University of Southern Denmark: Odense. p. 130 
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Table 1: Coding and lipoid compositions of the bilayer samples 
No. composition 
QENS-A POPC 
QENS-B POPC with 5% cholesterol (mol/mol) 
QENS-C POPC with  5% c-azo-chol 
QENS-T POPC with  5% t-azo-chol (from QENS-C) 
QENS-C’ POPC with 5% c-azo-chol (from QENS-T) 
Experiment 
The incoherent contribution I(Q,ΔE) to the neutron scattering 
spectrum reflects the auto-correlation of the protons in the 
membranes. When acquired at 135o orientation, I(Q,ΔE) mostly 
reveals the in-plane dynamics. 
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Table 2: The energy resolution δE (FWHM) of the 
QENS experiment sets the upper-limit δt of the time-
scale-window for probing the dynamics. The 
instrumental ΔΕ-range sets the lower-limit. 
δE=9.5µeV, δt=150ps:  
analysis of diffractogram IE(Q) and of energy spectrum IQ(ΔΕ) 
Fig. 5 (left): Different slopes in the diffractograms 
report on different MSD for the two photosensitive 
membranes.  
Fig. 6 (below): The measured energy spectrum is 
disintegrated into the static (black) and two 
dynamic contributions (orange: fast; green: slow). 
The slow motion contribution is different for the two 
photosensitive membranes. 
No. !u2  
[Å2] A0 [%] A1 [%] Γ1 [µeV] A2 [%] Γ2 [µeV] 
QENS-C 0.81±0.07 1.2±0.7 93±2 235 5.4±0.6 7±2 QENS-T 0.66±0.08 2.4±0.4 93±2 4.1±0.4 11±3 
 
Table 4: Parameters of the slow dynamics probed with δE=9.5µeV.  
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For fitting I(Q, ΔE), the system is modeled 
in eq. 2 by a Debye-Waller-type factor, 
combined with two contributions that 
represent the static and the mobile 
protons. 
fs,0            : number fraction of the static 
protons – static 
fs,i, Sinc,i: number fraction and incoherent 
structure factor of the i-th type of 
mobile protons – dynamics 
<u2>    :  MSD – fast motions Fig. 2: Schematic QENS spectrum 
ΔE=0 
elastic 
Introduction 
Additives like cholesterol modify the structures and as well the 
dynamics of their host lipid matrix. The isomerization of azobenzene-
cholesterol (azo-chol) upon illumination persists when the photo-
sensitive molecule is embedded in a fluid lipid bilayer [1]. Results 
about the in-plane dynamics of the photosensitive membrane as 
acquired by quasielastic neutron scattering (QENS) experiments are 
presented. Experiments were performed on multilayer stacks at 
48 D2O/lipid. 
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Fig. 1: Schematics of the photosensitive bilayer stack 
sample and its UV-VIS spectra upon the isomerization 
of the azo-chol molecules. 
Results 
δE=100µeV, δt=4ps δE=13µeV, δt=100ps 
Fig. 4: Extraction of dynamic 
properties by data fitting based on 
eq. 2. Best fit was obtained under 
the assumption of 
-  jump diffusion of the lipid 
molecules, 
-  random diffusion of 
intramolecular protons within 
six restricted volumes. 
δE [µeV] 
system 100 13 
No. T [K] 
fs,0 u
2  Djd τ fs,0 u
2  Djd τ 
[%] [Å2] [10-6cm2/s] [ps] [%] [Å2] [10-6cm2/s] [ps] 
QENS-A 
310 0 0 7.5±0.5 16±2 0 0.1±0.2 4±2 150±90 
265 — — — — 53 0 0  ∞ 
QENS-B 310 0 0 5±1 11±3 0 0 2.4±0.4 160±30 265 39 0 0  ∞ 64 0 0  ∞ 
QENS-C 
310 0 0.1±0.1 6±1 14±8 0 0.3±0.1 3.2±0.5 140±30 
265 36 0.10±0.03 0  ∞ 55 0±0.2 0  ∞ 
QENS-T 310 0 0.08±0.04 6.6±0.6 15±2 0 0.4±0.2 3.0±0.6 140±50 265 40 0.09±0.07 0  ∞ 53 0.2±0.1 0  ∞ 
QENS-C' 
310 0 0.07±0.04 6.3±0.6 15±2 0 0.3±0.1 3±1 130±50 
265 37 0.05±0.04 0  ∞ 46 0.1±0.1 0  ∞ 
 
Table 3: Parameters of the jump diffusion as obtained from the fitting. 
Fig. 3: Quasielastic energy spectra IQ(ΔE) for two energy resolutions. All the additives 
reduce the dynamics in the systems. 
IQ ΔE( ) = I Q,ΔE( )dQ∫energy spectrum: 
instrumental resolution 
ℜ ΔE( )
